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growth and body size under most conditions, at least for gill breathing ectotherms such as 126 fish. Indeed, the current view among physiologists is that oxygen uptake can be easily 127 modulated by organisms and therefore reflects oxygen demand rather than the other way 128 around. The generality of OCLTT, and particularly the adequacy of aerobic scope curves to 129 predict thermal performance, have also been debated (Jutfelt et al., 2018) . In fact, the 130 assumption of lower oxygen availability in warmer water itself is under scrutiny. Although 131 oxygen solubility is lower at higher temperatures, the actual "bioavailability" is higher when James' rule (James, 1970 ), but currently negative body size temperature correlations at both 143 inter-and intra-specific levels, and for both endo-and ectotherms, are often referred to as
144
Bergmann's rule (Meiri, 2011) . In parallel to these field observation-based rules,
145
experimental studies have shown that temperature experienced during development also 146 affects adult body sizes of ectotherms. In organisms as diverse as bacteria and fish, higher 147 developmental temperatures lead to smaller adult body sizes, which was coined the name of 148 temperature-size rule (TSR) (Atkinson, 1994) . First, the TSR specifically addressed the 149 phenotypic plasticity driven body size temperature correlation during the ontogenetic 150 development. Subsequently, the TSR was applied to explain all temperature-size 151 experimental findings (both phenotypic and genetic), and sometimes even intra-specific field processes (Barneche et al., 2016) and fisheries productivity (Baudron et al., 2014) , it is 160 essential that the scientific community identifies a coherent program to agree on and 3) Highlighting a range of alternative mechanisms that could help resolve the apparently 181 conflicting evidence for oxygen supply as a limiting factor on body size (Fig. 1 smaller adult sizes only when oxygen was limited (Hoefnagel & Verberk, 2015) , and rotifers 225 in low-oxygen lakes reached smaller body sizes than those in similar temperature but well-226 oxygenated waters (Czarnoleski et al., 2015) . In contrast, other studies show that oviparous 227 fish can increase their mass-specific oxygen consumption by nearly 30% compared to post-228 spawning fish (Karamushko & Christiansen, 2002) , suggesting that changes in oxygen supply 229 are regulated by the internal demands rather than supply. Experiments on gill remodelling
230
(rapid changes in gill surface area) in fish demonstrate that gill area is often smaller than 231 geometric constraints would allow and, in a number of species (including in adult individuals, which, according to GOL should be gill-size limited) could be increased within days if 233 needed (Nilsson et al., 2012) . However, once the original environmental conditions return, 234 the gill area was again decreased and lamellae "reabsorbed" (Nilsson et al., 2012) . We currently lack good data on the costs of modifying and maintaining larger gill surface Empirical data show that most aquatic organisms exhibit substantial phenotypic plasticity to 333 acclimate to temperature changes within days or a few weeks (Seebacher et al., 2014 Myoxocephalus scorpius when exposed to a rise in temperature from 10 to 16°C reduced Q10 The mechanisms leading to negative body size-temperature correlations can be both intrinsic 475 (i.e. genetic, physiological) and extrinsic (i.e. environmental, ecological) to the individual 476 ( Fig. 1b-f ). The intrinsic processes may involve, for example, the temperature dependence of When energy expenditure for reproduction is considered, TSR could emerge if faster, earlier 598 growth and /or developmental rate and earlier onset of maturation produces an overall larger 599 lifelong allocation of energy to reproduction versus growth (Fig. 1d) . This has already been 600 proposed by Berrigan & Charnov (1994) , who suggested that TSR results from a negative Resource supply models state that the proximate cause for optimal body size is determined by 659 the temperature-dependent interplay of resource supply versus demand (Fig. 1e ). This means 660 that "optimal body size is that which matches bodily resource demand to the expected food intake rates) increased faster than primary production rates, leading to a stronger control 665 of consumers on primary producers (Schaum et al., 2018) . Alternatively, changes in the ratio 666 of protein and carbohydrate availability can be affected by different temperatures and 667 subsequently affect adult body size, at least in terrestrial ectotherms (Lee et al., 2015) .
668
Moreover, even if resource density is temperature-independent, increased predation risk at (Fig. 1f) . Note that this 687 mechanism involves natural selection and evolution and is therefore different from the 688 mechanism described in Fig. 1d , where earlier maturation is caused by developmental factors.
689
Increases in natural mortality at higher temperatures could be driven by the direct effects of 690 temperature (such as oxidative stress and faster senescence) or changes in feeding rates and 691 predation mortality (Pauly, 1980 
